between relatives and MD patients (r = 0.26) over the patients' level of fatigue, but higher agreement was found between relatives and FSHD (r = 0.67) and HMSN (r = 0.73) patients. The spouses of MD patients reported less marital satisfaction. The sympathetic-empathic responses of the relatives of FSHD and HMSN patients, and in FSHD also the fatigue experienced by the relative, contributed significantly to higher levels of fatigue experienced by the patients. Conclusion: The sympathetic-empathic responses of close relatives to the fatigue of the patient were related to the higher levels of fatigue experienced by FSHD and HMSN patients, but not MD patients.
abled individual in order to help the patient cope with the disease. Relatives are also able to reinforce their partners to engage in activities in daily life [5] . Especially in chronic diseases, the major burden of care falls on the spouse and other close family members [8] . To our knowledge, there has been no study to date that has asked the relatives of patients with neuromuscular disorders about their own level of fatigue and about their response to the fatigue and neuromuscular disease of the patient.
Therefore, we conducted a study of patients and their spouses or close relatives in three genetically well-defined neuromuscular disorders: facioscapulohumeral muscular dystrophy (FSHD), a myogenic disorder; myotonic dystrophy (MD), a multisystem disorder, and hereditary motor and sensory neuropathy type Ia (HMSN), a neurogenic disorder.
The purpose of this study was threefold: (1) to investigate the level of fatigue experienced by the close relatives and their responses to the fatigue and the neuromuscular disorder of the patient; (2) to determine if the close relatives are able to correctly perceive the level of fatigue experienced by the patient, and (3) to determine the influence of the relatives' responses and level of fatigue on the level of fatigue experienced by the patient.
Methods

Patients and Close Relatives
Adult patients with a definite diagnosis of a neuromuscular disorder who could be classified into one of the following three diagnostic categories were asked to participate: (1) FSHD, (2) adult-onset MD, or (3) HMSN. They were recruited from the outpatient clinic of the Neuromuscular Centre, based at the Institute of Neurology of Radboud University Nijmegen Medical Centre, and from the Dutch Neuromuscular Diseases Association (Vereniging Spierziekten Nederland).
In total, 134 patients were asked for a permission to send a questionnaire booklet to their closest relative (spouse, parent or other). Written informed consent was obtained from all participating patients and their close relatives. The regional ethics committee approved the study.
Experienced Fatigue
The Checklist Individual Strength (CIS ) is a 20-item questionnaire and measures the following four aspects of fatigue during the previous 2 weeks: fatigue severity (8 items, range 8-56); concentration problems (5 items, range 5-35); reduced motivation (4 items, range 4-28), and reduced activity (3 items, range 3-21). Each item was scored on a 7-point Likert scale. High scores indicate high levels of fatigue, high levels of concentration problems, low motivation and low levels of physical activity [9, 10] . A CISfatigue score of 6 35 was used to identify severe fatigue [11] .
The CIS was used to assess the fatigue experienced by both the patients and their relatives. The CIS-fatigue scores of the relatives were compared with the scores of a reference group of 78 healthy controls (mean age 48.1 8 6.2 years) who participated as controls in previous studies at the Expert Centre Chronic Fatigue [12] .
Experienced Fatigue Relative over Patient
For use by relatives, the CIS was rephrased to refer to the patient and called the CIS relative over patient.
Family Response
The Family Response Questionnaire (FRQ) contained 25 questions and scored on four dimensions: sympathetic and empathic responses (7 items, range 7-35); active engagement (5 items, range 5-25); rejecting and hostile responses (7 items, range 7-35), and concern with self (6 items, range 6-30) [13] . Each item was scored on a 5-point Likert scale.
Sympathetic-empathic responses imply trying to imagine what the patient feels like, making positive supportive statements. Active engagement is trying to find out more about the symptom or illness by reading, discussing with the patient. Rejecting or hostile responses were disbelieving the patient's complaints or minimizing them. Concern with self means that relatives are concerned with the effect of the patient's illness on his/her own life, e.g., resents having to take on extra tasks.
A higher score indicates more of that response. In this study we used the FRQ for fatigue (FRQ-f) and the FRQ for neuromuscular disorder (FRQ-nmd). In the FRQ-f all questions refer to the fatigue of the patient, and in the FRQ-nmd the same questions refer to the neuromuscular disorder.
Marital Satisfaction
The subscale marital satisfaction of the Maudsley Marital Questionnaire was used as a measure of marital quality [14] [15] . This marital satisfaction scale contains 10 questions on a 9-point Likert scale (range 0-80), with a higher score indicating more problems in the relationship or lower marital satisfaction.
Statistics
Data analysis was performed using SPSS (version 12.0). Descriptive statistics were used to describe the sample. t tests, 2 , analyses of variance (ANOVA) with correction according to the Bonferroni multiple-comparison test and general linear modelgeneral factorial were performed to test differences between groups. We used a Wilcoxon's t test for dependent samples to compare the relatives over patients and patients' fatigue scores. p values of ! 0.05 were regarded as statistically significant. Correlations were calculated with the Spearman correlation coefficient (r). Furthermore, regression analyses were performed to examine the relationship between the responses of the relative and the level of fatigue experienced by the relative him/herself to the level of fatigue experienced by the patients. The dependent variable was the CIS-fatigue score of the patient, and the independent variables were the responses of the close relative and the CIS-fatigue score of the relative.
Results
Patient-Relative Couples
From the 112 close relatives (84%) who returned the questionnaires, 6 relatives were excluded because they did not complete the questionnaire booklet.
One hundred and six relative and patient couples participated in this study (33 couples for FSHD patients, 32 for MD patients and 41 for HMSN patients). The demographic characteristics of the 3 groups of relatives are listed in table 1 . No significant differences were found in age and sex between the groups. In the MD couples, the percentage of spouses is the lowest of the 3 groups. Table 2 shows the demographic characteristics of the patients. No significant differences were found in age, sex, level of education, and employment between the 3 neuromuscular disorders. We found no differences in age between relatives and patients.
Patients dropped out mostly because they did not have a partner (n = 17). The patients who refused to take part in this study did not differ from the participating subjects with regard to age, gender, marital status, level of education, employment status, and experienced fatigue severity.
Experienced Fatigue and Family Responses of Relatives
There was no difference between the relatives of the different patient groups with regard to the fatigue they experienced. Eighteen percent of the relatives of FSHD patients experienced severe fatigued (CIS-fatigue 6 35), as did 16% of the relatives of the MD patients, and 22% of ( table 3 ) . The mean value for CIS-fatigue was higher for the relatives than for the healthy reference group (mean healthy controls 19.4 8 11.0). In all 3 patient groups family responses were characterized by sympathetic-empathic responses. We found no differences in responses to fatigue and to the neuromuscular disorder. The relatives of HMSN patients had the lowest scores on the subscale 'concern with self' ( table 3 ). The subscales of the FRQ-f were strongly correlated to the subscales of the FRQ-nmd (range r = 0.76 to r = 0.91).
Agreement of Experienced Fatigue and Marital Satisfaction
In MD couples no significant correlation between patients' fatigue and the perception of the patients' fatigue by the relative was found ( table 4 ). In FSHD and HMSN couples a high and significant correlation was found between patients' fatigue and the perception of the patients' fatigue by the relative. In HMSN couples no correlation was found between patients' reduced concentration and the perception of the relative.
The relatives of the MD patients reported lower marital satisfaction than the other relatives, and there was lower agreement on marital satisfaction of the MD couples than the 2 other groups.
Influence of the Response and the Level of Experienced Fatigue of Relatives to Patients' Fatigue
Regression analyses showed that sympathetic-empathic responses (FRQ-f) of the relatives contributed significantly to the level of fatigue experienced by the patient in FSHD and HMSN couples. In the FSHD couples also the level of fatigue experienced by the relative himself contributed significantly. In the MD couples, none of the various responses of the relatives contributed significantly to the level of fatigue experienced by the patients ( table 5 ).
Discussion
As far as we know this is the first study in which the responses of close relatives to patients' experienced fatigue and disease were studied in neuromuscular disorders. Most studies of close relatives are focused on caregivers of patients with cancer, Alzheimer's disease and Parkinson's disease [8, [16] [17] . These studies showed that spouses and other relatives commonly respond in an unsupportive manner. As a relative becomes increasingly disabled by the patient's disease, the role of the significant other is altered, and the relative may be required to relinquish social, leisure, and family activities outside the home, as well as restrict time on their own, in order to assist in the medical care and household responsibilities. Studies have shown that the greater the disability imposed by an illness, the more likely significant others are to respond negatively [8, 17] . In this study we investigated the relatives of patients with slowly progressive neuromuscular disorders.
The mean fatigue severity of the relatives was significantly higher compared to the scores of a reference group of healthy controls. We found no differences in the severity of fatigue experienced by the relatives of patients with various neuromuscular disorders. Although the patients in this study were mildly affected by their disorder, one Table 5 . Linear regression analysis to predict fatigue experienced by the patients with neuromuscular disorders could see the heightened level of fatigue experienced by the close relatives in relation to or as a burden of the disease of their partner. It is possible that the heightened fatigue of the relatives is caused by the disease and/or fatigue of the partner. Probably, the relatives were not fulltime caregivers of the patients in this study because all patients were ambulant and in all 3 groups more than 69% of the patients were employed. On the other hand, we know that at least about half of the patients suffer from severe fatigue, resulting in impairment in several domains. Therefore, some care will be given by the relative. However, we do not have specific information of the health status of the relatives, we do not know the influence of health status on fatigue.
The responses of the relatives to both the fatigue and neuromuscular disorder of the patients were mainly sympathetic-empathic responses and similar between the relatives of patients with the various disorders. The relatives reported that they were trying to imagine what the patient feels, making positive supportive statements. Relatives of MD patients reported the highest score on the subscale 'concern with self' of the FRQ. The relatives were concerned about the effect of the patients' disease on their own life, e.g., resented taking on extra tasks. Besides, the relatives of MD patients reported the highest marital dissatisfaction. An explanation could be that the MD patient may not understand the impact of his/her disorder on the life of the relative, and/or the relative is frustrated about the practical limitations of the disorder. We found a lower percentage of MD patients living with a partner than in the other 2 groups. This was also found in another study [18] .
Overall, the relatives rated the level of fatigue experienced by the patient lower than did the patient himself. The least agreement was found in MD couples. In spouses living together we found more disagreement in marital satisfaction within MD couples than within FSHD and HMSN couples. Possibly, disease-specific problems associated with a multisystem disorder like MD, such as apathy, lack of expressiveness, and inability to anticipate pleasure, contribute to more marital dissatisfaction [19, 20] . We found that the relatives of patients with MD had difficulty in estimating the level of fatigue experienced by the patient. The same reaction can be supposed for the doctors of patients with MD and may influence their relationship.
We found that the responses of the relatives led to higher levels of fatigue experienced by the patients in FSHD and HMSN couples. In FSHD couples also the level of fatigue experienced by the relative contributed to the level of fatigue in the patient. Receiving higher levels of sympathetic support from the relatives, such as getting help, was associated with higher reports of fatigue in patients with FSHD and HMSN. The sympathetic-empathic responses were reinforcing the fatigue of the patient.
This study has some methodological limitations. Firstly, the data were cross-sectional, which affected our ability to make any definite conclusions about the cause and effect relationships between variables. Secondly, a selection bias is possible, because we only investigated ambulant patients. Thirdly, the patients were asked for permission to send questionnaires to their closest relative. Patients dropped out mostly because they did not have a partner. In this study we found that the fatigue scores of patients with a spouse did not differ from those of patients with another relative. However, we do not know whether the relatives of the non-investigated group are different in their reaction to the patient from the relatives in this study.
To date, there is very little information about the impact of patients with slowly progressive neuromuscular disorders on close relatives. This study reveals that a chronic neuromuscular disorder can have an effect on close relatives and vice versa. Especially the responses of close relatives influenced the level of fatigue experienced by the patient.
One important point in clinical practice for the doctors of patients with neuromuscular disorders is to try to identify relatives who are at a high risk of burden by their partner's disease. Furthermore, these findings emphasize the importance that not only the patient, but also the relative should be the target of information, meaning that the close relative should also visit the physician together with the patient in order to reduce and manage the consequences of the disorder in both.
